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ABSTRACT 


Cooling of hot water in a recirculation pond is of 
very much importance to the industries and thermal power 
stations. Cooling phenomena is function of diffusion of the 
flow and the flow characteristics in a recirculation pond. 
Here an attempt is made to study the flow chara,cteristics 
in a simple recirculation channel. The flow characteristics 
studied are the velocity contours at different planes, and 
deaay of maaaimum velocity, momentum, mcmentum and energy 
from the in.' at , 

The path of maximum velocity behaves as a two- 
dimensional jet in a cross- flow with velocity equal to the 
channel flow average Velocity. The length of separation 
bubble is function of depth of flow only. The momentum corr- 
ection coefficient and energy correction coefficient 
decrease with the flow length and attain a fairly constant 
value. The momentum and energy decay faster near the inlet 
and then remain constant approximately from a distance 
X/b = 8.0. The effect of outlet becomes predominant at 
X/b 16.0. The effect of inflow and outflow on the main- 
flow limits to a. distance o.f x/b = 8.0. Rrom a distance 
x/b 8.0 onwards the flow behaves as a normal open-channel 
flow. 



CHAPTER 1 


IFJROI.UGTIQH kW LITERATURE REYIEW 

1 , 1 IN TRODUC TION: 

Steqra ganermtion. of eleotric power requires 
rejection of tremendous quantities of. waste-heat , typically 
58 per cent to 67 per cent of tlie energy input to the plant, 
from the generating units to the surroundings. This heat 
is transferred in the condensers from the lov/-pressure 
steajn to the cooling water, and then directly to the atmos- 
phere by means of cooling tov/er, or indirectly through a 
river, lake, or other large body of water. The method of 
’once through’ cooling (in which the cooling water is 
withdrawn from a nearby natural body of v^rater, heated in the 
condensers, and then returned to the water body) being 
economically more desirable, requiring relatively cheap and 
simple structures than the ’Closed loop system’ (i.e. cooling 
ponds, spray ponds, cooling towers) is employed provided 
the temperature standards set by various regulating agencies 
can be achieved. Normally submerged outlet or multi-polH: 
diffuser systems have been recently utilized in several 
installations. The heat discharged into a river or other 
moving water system is advected downstream by the flow. 
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Being mixed end dispersed witiiin the receiving water, the 
heat is eventually trensferred to the atmosphere by 
evaporation, radiation or as conduction of sensible heat. 

There may be some transfer of heat at the soil-water 
interface due to infiltration of river water into the ground. 

The amount of heat transferred by diffusion and dispersion 
in the porous media, ho?rever, is generally very small and 
may be neglected. The tempe-^ature distribution downstream 
from the point of thermal discharge is determined by the 
hydrodynamic dharacteristics of the stream and the meteorological 
conditions prevailing at the site. The first factors 
determine the advective and turbulent transfer processes within 
the flow, while the second influence the heat ^.change to the 
atmosphere, 

is a first step to understajid the thermal characteristics 
of the diffuser system, it is necessary ibo know the hydro- 
dynamic features o-*' the flow system. Since the distribution 
of heat, is governed by the velocity distribution, the following 
investigation was aimed at, for the study of velocity distribu- 
tion in the recirculating cooling pond. In the present study 
the flov/ characteristics resulting from a simple intakeotlrtitflow 
and canal combination is investigated. The object of the 
study was to determine the velocity distribution, decay 
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of maximum rolocity and diffaeion of momentum and kinetic 
enerr/ near the outlet zone. It is believed that this 
information would be useful in understanding the theimal 
behaviour of hot water jet usually encountered in thermal- 
power station discharges. 

1.2 0 ]? 

The flow characteristics in a simple recirculation 
system is considered for review of literature. The flow 
characteristics include the velocity distribution, temperature 
and concentration distribution in the flume. In this connection, 
an extensive work carried out by William 7/. Sayre (l,0) 
is reviewed here. Most of the existing methods for predicting 
the distribution of temperature rises resulting from thermal 
discharges into aquatic environments are strictly applicable 
only to large Idealized, water bodies, wherein effects of 
confining channel boundaries are of secondary importance, and 
throughout which ambient flow properties are constant. But 
in some cases the complicating facto’^s' of channel boundaries 
and varying flow properties are important and must be taken 
in to account. 

The outfall structure considered by Sayre, ■wasm surf ace 
jet entering the river from, a fisted rectangular slot. This 
type of structure is among the most economical. He considered 
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the cross-sectioiia] sh=pe of the choimel, the transverse 
flow distribution end relatively bigrr velocity in the 
channel at the pl^nt site cxid came cat with the result that 
^ single point outfall at the ban: will be feasible. Two 
orientations of the jet were considered by him discharge at 
right angles to the main river flow, '='nr'. discharge parallel 
to the main flov;. The basic strategy in the case of right- 
angle discharge was to ’squirt’ the jet for enough-^ut 
into the main flow so that i.^ mixed with sufficient river 
water to achieve the required dilution before it was 
deflected entirely in the downstream direction^ The plume 
trajectory was considered to be dependent on the ratio of the 
initi^^l cross-channel momentum of the jet to the downstream 
momentum of the ambient flow. The right-angle jet provided 
more rapid initial mining and temperature reduction due to 
dilution, but it carried further out in to the river. In 
the case of parallel discharge, initial mixing was less 
rapid and the plume v\ra.s seen to be confined to a narrower 
zone closer to the shore. However, it was seen also spreading 
transversely due to the dispersive mechanisms of the ambient 
flow. 

His report includes one set of relationships developed 
for the case of a three-dimensional jet with minor bottom 
boundary effects and another set for +he case of a tv70-dimensiona.l 



bottom attached jet. Both sets were anplicahle in. a 
strict sense only to ambient flows in an Idealized 
rectangular channel. It is helpful to refer-, to definitet^vi 
sketch for a jet discharging at right-anglas in to an 
ambient-flow as shown in Fig. 1 to fix the variables in 
mj.nd. ^OCTialized Gumul.atiye discharge was given as 



qdy 

0 


( 1 . 1 ) 


Here normalised discharge in used for normalized 
transverse distance y/B across the c^'annel. Use of 
rather than y as the primary independent variable permitted 
a simpler mathemrtical representation of the transverse mixing 
process in natural channels because it automatically 
accounted to a considerable extent for variation in 
flow prop ert-les across the channel and for transverse 
shifts in the ambient flow pattern along the channel. 

Solutions obtained in the q domain can then be transferred 
to the y domain, iff so desired, using equation (1.2) as 
a m.apping function. 


Scaling par=fflieter 
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Was introduced as the length of the zone of flow 
establishment, measured along the center-line of the 
plume. In equation (1.2), b and d are, respectively, 
the initial jet width and jet height. 

He gave the actual relationships for two and three- 
dimensional jets as follows; 

'^= to b 

for two dimensional jet and 


3 IT bd 

For the three-dimensional jet. Equation (1.2) was used as 
a compromise between these relationships. It was judged by 
him that in the case studied the thermal discharge behaved 
like a three-dimensional jet initially, but as it expanded 
vertically and encountered the bottom, mixing and entrainment 
retarded and it began to behave more like a two-dimensional 
jet. The transition from three-to-two dimensional behaviour 
occured sooner as discharge and depth decreased. Finally, 
he used the identify based on continuity. 


% Bd 


(1.3) 


4s ro link between the variables describing the 
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initi- 5 l properties of the jet p.nd the corresponding 
mean properties of the ambient flow, lifter incorporating 
Equations 1.1, 1.2 end 1,3, the equations for centerline 
tr^’ jectories were given as follows: 

Centerline trajectory for 2-dimensional jet 



where 1-] = 


T vs 


(1.4) 


(1.5) 


q^p = cumulative discharge of ambient flow at the 

transverse co-ordinate distance y_ of the 

P 

centerline and 

R = Y\y,, the ratio of the initial jet 

velocity to the mean ambient velocity. 


Centerline trajecto??y for 3-dimensional jet 


^op 


where ilo = 


4o ( 




( 1 . 6 ) 


0.5372 ^ 


R' 


,2/3 


The above work deals with decay characteristics of 
a 3-*dimansional jet in a, natural river. Iii this ease, 
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recirculation of water and maintaining t empe nature do 
not pose any. problem due to Vi^stness of water~systeiii. In 
a recirculation system tlie temperature of the circulating 
water is controlled by dif.fusion and dissipation of 
energy flux from the inlet in a small water system. 
Posi-tioning of an outlet also controls the temperature 
of the circul.pting water. It is necessary to know that 
how far an outlet is to be situated .frora the inlet for a 
given channel geometry, I’he present investigation was 
carried— out to know a reasonable ansv\fer to this question. 



CHAPTER II 


EXPERIBCBHT AL IHVEST I& \TIQH 
2.1 RET AILS OP SXPERIlfflHTAL SBT-^UP : 

Eor the experimantf^l study s maeonary flume with internal 
dimensions 870,0 cm x 61.0 cm x 76,0 cm was used. In this 
two openings 30.5 cm x 30.5 cm for inlet and outlet were 
made. Centre to centre distance between inlet and outlet 
was 618.5 cm. Two screens (1.27 cm.|. holes and 5*08 era 
centre to centre) 23.7 cm and 54.2 cm away from inlet are 
welded in the scjuare conduit ( 30.5 cm x 30.5 cm) to reduce 
the fluctuation in the flow. /It 22,0 cm away from outlet 
one adjustable gate was installed to maintain the flow 
according to requirement. Pig. 2 shows the details of 
experimental set-up, as shown in it , one reducer 30,5 cm 
square' to 25.4 cm. circular is welded to the square - 
conduit on outlet side, so that it can be connected 
to 25.4 cm suction pump. On outlet side of pump one 
gate type malTe (22.4 cm) was used to maintain the 
discharge from pump. After that 20.3 cm circular, to 50.5 cm 
square expansion is used and then 30.5 cm square conduit 
continues. 

Measurement of '/elocity vector (velocity and 
direction) was taken by a 3-'tube probe and an inclined 
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(3*88 cm horizontal to 1 cm vertical) manometer. 

Por calibration of the 3-tube probe a glass flume with 
bottom tappings and a total head tube was used. The total 
head tube and one bottom tapping of the flume were 
connected to the manometer after putting it in the 
direction of flov/ and at 0.4d (d = depth of flow) from 
bottom of the flime. It gave almost the same reading 
as that when an outer and the middle tube of the 3-tube 
probe were connected to the manometer and was kept in 
the direction of flow, at 0.4d from bottom of the flume. 

The above is quite evident from Pig. 3.0. After taking 
readings in this way, velocity was calculated by using 
V = y 2gh from the total head tube readings. Velocity 
of the total '‘ead tube tind corresponding vertical head of 
the 3-tube probe (difference in readings of the middle 
and an outer tube in vertical terms) was plotted on log-log 
ps^per .'^nd best fitting line by least square method W'^s 
drawn. The best fitting line is called the calibration- 
curve for 3-tubG probe as shown in Pig, 4. To see the 
angular sensitivitv of the 3-tube probe, two velocities 
one high (78.3 cm/sec.) and the other one low (35.0 cm/sec.) 
were maintainec] simul'l'aneously in the glass flume with 
the bottom .tappings. For each case probe was kept at 
0.4 d from the bottom of the flume and it was set in 
such a way, that the manoraster reading (when both the 
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outer tubes were connected to the Eienoneter) ccme out to be 

9 

zero. Then probe was moved at 5 '' interval both ways till 
it reached 90^^ and manometer readings were taken for each 
5 degrees. 


from 


The vertical 
' *^02 { 
m ' ^ 


he-i'^ on manometer in non-dimensional 
where 7 ^ is the mean velocity of 


water flow and - b.^2^ head difference in vertical 

terms when both the outer tubes were connected to manometer) 
was plotted versus angle moved, which shows the angular 
sensitivity of the 3-tube probe as shown in Pig. 5. 


Tuf.ts of cotton thread were glued at 5 cm 
distances on the floor of the flume and one thread was 
attached to point gauge for tracing of separation line 
at 0-2d, 0,4d and 0,8d from bottom of the flme. 
Visibility goes on reducing with deptn from the surface 
of water flow, i perpex sheet was allowed to float on the 
water surface so that the water surface vmves are damped 
and tuflBc may he made visible clearly. 

2-2 RAi\T(9B OP EXPERIMENTS OOroUGTED : 

Table E'o. 1.0 gives the range of experiments 
conducted at 0.215 Proude Fumber. 
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TiBLB m>, 1.0 


Experiment No 


Depth of flow 


Plones 


Sections 


22.8 cm 


0.2d,0.4h 

0.8d 


Inlet (9cm nway), 
L/t2, L/6, L/3, 
1/2, 2L/3, 5L/6, 
111/12 outlet 
( 9 cm awf^y ) . 


2 

3 


17.1 cm 
8.9 cm 


-do- 

-do- 


-do- 

-do- 


Tuft indic^’tians at bottom of the flume and at 
pl~'nes 0.2d, 0.4d, 0.8d for the above depth of flows 

were taken. 


2.3 BXPBRIMEjW IL PROOBDURE ; 

The flume was filled with water, to a depth slightly 
greater than 22,8 eras. Circulation of flow in tho 
flimae was causeci by running the pump. The flow 
conditions in the flume were maintained at Rroude Number 
0.215 with depth of flovr 22,8 eras. This could be achieved 
by operation of gate and ptaap and adding the water to the 
fliorae or removing it. 
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Three tube probe v/es used to measure the velocity 
distribution. The probe wes aligned in the direction of 
flow so that the same readings occured in the outer tubes. 
The direction of flow was measured in angles on the pro- 
tector which is mounted on the probe operating device. 

The velocity head was taken equal to the vertical 
difference in pressure readings between central and the 
outer tubes. Equivalent velocity (magnitude) was found by 
using, the calibration curve shown in Pig. 4. In this v/ay 
readings were taken at many points widthwise and at all 
the sections and planes selected. In detail those were 
sections inlet ( 9 cm away from inner wall), L/12, L/6, 

L/3, Ii/S, 2L/5, 51/6, 111/12, outlet (9 cm away f3*om inner 
w^all) and planes: 0.2d, 0. id and 0,8 d from bottom of the 
flume. 

In the same way 17.1 cm and 8.9 cm depth of flow were 
maintained for 0.215 Proude number. Then readings were 
taken as explained above. Telocity vectors (magnitude 
and direction) for each case are shown in Pig. 6,0 (a,b,c). 

Details of resulte are given in Appendices: .A1 , 12 
and A3. 

The edge of the separation bubble at each plane 
(0.2d, 0.4d and 0.8d) was noticed by reversal of orientation 
of tne tufbs:;. The flow-pattern on the bed at upstream 
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p.nd downs'fci'S'^rQ end of fh.© flume were "traced es fhe 
t^dfs indicated end is presented In Pigs. 6 (a,b,c) end 
7 (a,b,c). 



GEi PTEPv. Ill 

Alleys IS 

Kig experirae-ntal results sre Gnsls^'sed, viewing tb-^ 
problem as a simple iiitalce-outflo\7 and canal combination. 

The inflow and outflow of the canal .are at right angles 
to the main flow direction. The characteristics of inflow 
into the flume, like velocity contour, decay of maximum 
velocitv, decay of momentum and energy are analysed 
similar to a two-dimensional jet in to a cross flow, 

3.1 V'BbOOITY GONTOEIS: 

Velocity contours for three-depths of flow 
( d = 22,8 cm, 17.1 cm and 8.9 cm) and at three planes, 
i.e. 0.2d, 0.4d and 0.8 d -^rom bottom of the flume for 
each depth of flow are sbown in Pig. 7 (a,b,c). The 
velocity contours at the inlet- ■ and outlet of the flume 
indicate a good simil-arity c:c 2-dimensional jet injection and 
withdrawal of flow from the flume. The velocity decelerates 
from inlet of the flume to soiue distance and .acceleratffis 
near the out-let of the flume. The length of deceleration and 
length of acceleration of the flow can be seen very clearly 
in Pig. 7 (a, b,c). The Telocity contours near the inlet 
curve similar to jet in a cross flow and slowly become 
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p!^r3.11el to tho main flow. The flow near the outlet 
indicates suniLnx' to witblnawal of flow froni the main 
canal. The velocity contours of the sections near the 
inlet end outlet indicate e cherecteristics of meximum 
yslocitv in centre of the flow and minimum velocity ' 
at the edges. 


3.2 SEP IRI TiOaT BUBBi a : 


As the flow enters in to the flume, it separates at the 
inner side giving rise to sep'^ration zone. The line 
indicating separation bubble from the main flow is shown 
in Pigs. 6 (a,b,c) and 7(a,b,c). dimensional ianalysis 
for the geometry of the separation bubble is carried out 
below referring to the Pig. 8, Effect of gravity on the 
geometry of the separation bubble ma^r be neglected, 
because of the same fluid entering at the sam.e plane into the 
flume (2). Hence the Proude number effect neod not be 
considered in the analysis. The length of separation bubble 
should depend on width of the inlet and the flume , depth 
of flow in the flume, momentimi of thf- inflow and the shear 
stresses C'^using the inf lov\r spread. Momentum depends sa 
mass and velocity. Shear stresses are composed of turbulent 
and viscous components. The first depends on turbulence 
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intensities v/hich very with the mean velocity and the 
latter depends on the fluid viscosity. Therefore, the 
length of separation babble can be written as: 

^ (3.1) 

where B = width of the flume 
b = width of the i^ilet 
d = deptii of flow in the flume 
V = velocitv of inflow 
( ' = mass density of the fluid (water) 

and - dyn-vnic viscosity of the fluid (v/ater) 

By dimensional analysis, Equation (3.1) becomes: 




Vd'^ % 
4 .^ 


( 3 . 2 ) 


3 

In the cases considered, remains constant 

Vd ^ 

and the inflov\r B.eynolds nuraber — is greater 
than 10' . 4t these Reynolds number, the shear stresses 
causing the inflov;? spread and leading to the inflov/ 
deflection are turbulent, Tliereflore, the inflow Revnolds 
number (2) and ^ can be omitted from Equation (3.2), and 
hence, the length of separation bubble can be represented as: 
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^ / d N, 

5“ ~ ^ F ^ (5.3) 

Equ=ition ( 3 . 5 ) shows that length of separation 
bubble nepe'ids only on the depth of flow in the flume. 

The geometrical characteristics of separation 
bubble are shown in Fig, 9 . Empirical equations to 
determine the length and maximum width of separation 
bubble were established in the form 

Lg/b =-6,A5 d/b + 3.35 ( 3 .. 4 ) 

and D/b = 0.55 (3.5) 

A-bove equations valid for F « 0*215 and b » 30.45. 

Equation ( 3 .. 4 ) shows that the length of separation 

bubble increases with decrease in depth of flow. The 
ratio I‘ 3 y'b remains constant across the depth for a 
particular value of depth of flaw, d. Equation (3.5) 
shows that the maximum vyidth of a bubble is almost 
constant for 0.2 d, 0 . 4 d and 0.8 d for the values of 
depth of flow (d = 22,8 cm, 17.1 cm and 8,9 cm), 

5 • 5 EITEROY OOKREGTIOF GOEFFIGIENT , a K W) MQ i lSFTIM CORREGTIOIT 

COEEEICI EICT, B VARIiTIQIT; 

is a result of non-uniform distribution of velocities 
over a channel-section, the velocity-head of open channel 
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flow is gonarall 


greater tha^n the value computed 


according to the expression where 

mean velocity. 


is the 


■.Vhea energy prlnoMle is used in the eomputetloa 
the true velocity heed mey be expressed as a T^/2g, where 
a io energy correcuion coefficient or coriolis Goeffieieni 
a, can be calculated as follows: 


/ v^ di 


a 


7^ ^ 


2 ^ hA 


■ 7^ A 
m 


where ,i 
4 

V 


and 7 


m 


an element arv area 
whole water area 

actual velocity in the elemental area 
mean velocity of water flow 


Non uniform distribution of velocities also affects 
the computation of momentum in open-channel flow,. Momentum 
correction coefficient, p is calculated as follows: 


/ . dA 

7 ^ 4 

m ■ 


1 v^ .'W 4 



The two velocity-distribution correction 
coefficients are always slightly larger than the limiting 
value of unity at whicti velocity distribution is strictly 
uniform, across. th'5 channel section. 
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The energy and momentum correction coefficients can 
be as great as 1.6 and 1.2 respectively (3) in channels 
of complex cross-section. They can vary quite rapidly 
from section to section in case of irregular alignment. 

The coefficients are usually higher in steep channels ^ 
than in flat channels. 

Tariation of energy correction coefficient a and 
momentum correction coefficient, p are shown in Pig, \0 
and Pig. If, respectively. Minimum value of a is 1.06 
and its maximum value is 1.87. Talue of a increases in 
all the cases till the section L/12 then decreases up to the 
section 1/3 . Afterwards it remains almost same till the 
section 51/6 and then once again starts decreasing till 
it reaches the outlet section. Minimum value of p is 1,027 
and its maxim.uin value is 1.27. It behaves in almost the 
very same way as that of energy correction coefficient. 

Increase in energy and momentum correction 
coefficients at l/l2 section is attributed to decrease in 
inflow area due to separation bubble) and diffusion of 
inlet- flow in the main- flow. 

3-4 lOOATIOl OF MAIIMUM YEIOOITY IDTE ; 

The decay of maximum velocity can be seen clearly 
in velocity contour diagrams Fig. 7 (a,b,c). The path of 
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the maximum velocity is traced and plotted in I'ig. 

The decay of maximum velocity at different planes 
(0.2d^^0.4d, 0,8d from bottom of the flumo) for each 
depth /flow (d = 22.8 cm, 17.1 cm and 8.9 cm) is plotted 
in Figtw , 12(a,,b,c). The path of maximum velocity decay 
remains almost same at different planes (0.2d, 0.4d, 0.8d) 
for a particular depth of flow, d. The transverse distance 
Y/b increases with an increase in longitudinal distance 
X/b initially. In which, Y is distance measured perpendicular 
to the channel flow from the inlet and X is distance 
measured in the direction of channel flow from the centre 
of the inlet. The distance, ^ of maximum velocity line, 
from inlet increases till,- X/b = 2.5 in longitudinal direction. 
Froxm x/b = 7.5, Y/b remains almost same and then reduces 
slightly till, x/b =18.0. From this section, Y/1> goes on 
reducing till it re;iches outlet section, where it is zero. 

3«5 DECAY OF MiX IMi n^I VSIOCITY; 

Decay of maximum velocity versus longitu- 

dinal distance, X/b (from inlet) is plotted in Fig* 13(a,b,c). 
This h-as been derived from velocity contour diagrams 

;Fig. 7 (a,b,c) from where decay of maximum velocity ia 
seen, 

clearly/ The path of maximum velocity decay remains 
almost same at different planes (0.2d, 0.4d, 0.8d) for 
a particular depth of flow, d. 
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Eor 8.9 cm depth of flow: Maximim velocity is 
maximum for X/b = 1,0 to 3.0, then it goes on decreasing 
till x/b = 15.0. Prom here, it increases till it reaches 
the outlet section. 

Por 17.1- cm depth of flow: Maximum velocity is 
maximum for X/b = 2.5 to 4 . 5 , then it goes on d-^oreasing 
till x/b = 15.5. Prom here it increases till it rcanhcs 
the outlet section. 

Por 22,8 cm depth of flow: Maximum velocity is 
maximum for X/b = 1,5 to 4»0, then it goes on reducing till 
x/b s= 16,0, Prom X/b = 16,0 to 18.0 it remains constant, 
then increases till it reaches the outlet section. 

Hence trend remains almost same in all the cases. 

The increase in maximum velocity after inlet and near the 
L/12 section is attributed to decrease in inflow area (due to 
separation bubble) and diffusion of inflow in the main-flow. 
Increase in maximum velocity at the outlet is attributed 
to suction of the outflow. . 

5.6 DECAY OP M0MENTI3M: 

The momentum of water passing an elemental area. 

fA per unit time is the product of the mass wv tJ.A/g and 

' 2 ' ' ■ '■ 

the velocity V, or w v hA/g (where w = unit wt, of water). 



The total momentum of the flow passing a channel 
section per unit time in S w v ilccording to 

Hewton's second law of motion, the change of momentum 
per unit of time in the body of water in a flowing 
channel is equal to the resultant of all the external 
forces that are acting on the body. Momentm is a vector 

m 

quantity. 

Decay of momentum M/M^ (M^ = it(^mentimi at inlet section) 
is plotted against longitudinal distance, X/b from inlet, 
for each depth of flow (d = 22.8 cm, 17.1 cm and 8,9 cm) 
in Jig. From the figure it is quite evident that for 

17.1 cm depth of flow, the dissipation of momentum near 
the inlet is faster than that of the other two eases. Once 
again near the outlet, momentum of t7.1 cm depth of flow 
increases much faster than the other cj^ses. In e.11 the 
cases momentum decreases till the longitudinal distance 
X/b =16,5 and then it starts increasing till it reaches 
the "outlet. 

3.7 DEOAY OF EMER&Y 

Assuming A A to be an elementary area in whole 

water area A, and w the unit weight of water. Then the 

weight of Water passing AA per unit time with a velocity 

V is wv AA. The kinetic energy of water passing Aa 

1. !- i . < /■ . ■ r t' R 

(;£i>irRAL i iBRARy 
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per unit -time is wv^ 0A./2g, This is equivalent to the 

o 

product of the weight w v b.A snd the velocity heed 
Total kinetic energy passing a channel section (for the 
whole water area) is equal to E w v^ fAk/Zg, In Open 
channel flow, for a particular plane, pressure and static 
energy reiiiP'ins constant, hence only kinetic energy has been 
considered to show the decay of energy. Energy is a scalar 
quantity. 

Decay of energy B/Eq (E^ is energy at inlet section 
and E at any other section) is plotted against longitudinal 
distance, x/b from inlet, for each depth of flow (d = 22,8 
ems, 17,1 ems and 8.9 ems) in Eig, i5, Erom the Pig. IS it is 
clear that for 17.1 ems depth of flow, the dissipation of 
energy near the inlet and again the increase of energy 
near the outlet is much faster than the other two (d==22,8'cin 
and d= 8.9 cm) cases. Energy remains a,lmost same from 
X/b = 10.0 to 15.0 for 8.9 cm depth of flow, from x/b = 12.0 
to 16,0 for 17.1 cm depth of flow, and from x/b = 15.0 to 18.0 
for 22.8 cm depth of flow. Increase of energy, as described 
above is ofcourse a result of the reduction of depth 
near the outlet. Elsewhere depth is almost constant,. 



CHAPTER IV 


GOHGLIJSIOHS AJTD REGOMIBIDATIOHS 
4.1 GOHGLUSIOHS ; 

The flow char-^cteristics , in a simple recirculatian 
system is considered here for a preliminary investigation. 
This problem has good practical application in eocvling 
of hot water, in recirculation ponds, which are very much 
used by industries. This study is aimed to know the flow 
characteristics, in a simple recirculation channel, which 
may be used to predict the length of ehe,nnel required to 
attain the normal channel flow characteristics. 

The following are the significant conclusions arrived 
from this study: 

1, The plan of the velocity contours give a good 

visualisation of the flow pattern occuring.in a simple 

\ 

recirculation channel. 

2. The velocity distribution and path of the 
maximum velocity of the inflow, behaves as a two- 
dimensional, jet in a cross-flow with velocity .equal 

to the channel flov? average velocity. The path of the 
maximum velocity curves initially due to suction 
pressure exerted on the inflow. It sticks very near 
^ ^ outer side (around Y/b =t .5) for greater 
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part of tha charaiel length (S.O < | <16.0). Near 

the outlet section, itr curves again due to suction offered to 
the flow. The maximum velocity decays faster for top 
plane of the flow in comparision with the bottom plane, 

3. The length of separation bubble is function of depth of 

flow only. The variation in length is given by Lg/b=»-6,45 ^8,35 
and maximum width by D/b = 0,55. 

4. The momentum correction factor, |3 and energy correction 
factor, a are found to have large values, a-n-4,6 and 

near the inlet section. They start decreasing with 
the flow length and attain a fairly constant value, 
a = 1.3 end p^l.15. 

5. Momentum decays faster initially up to x/b = 10^0, 

and between X/b = 10,0 to 16.0, the flow behaves as sort of 
uniform flow, From X/b = 16.0 onwards the effect of suction 
becomes predominant. The effective length required 'to 
attain the normal open-channel flo'N characteristics is 
x/b =: 10,0. The similar behaviour of decay and uniformness 
in energy has been found. 
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4.2 REG O MMEITOiTIQKS : 

Based on tiie investigations carried, the following 
further studies are recomraended ; 

(1) Variation of the Broude number should be considered. 

(2) Variation of the geamotry of the inlet and outlet 
with respect to the channel, with different angle of 
exit and entrance and different slope of channel 
should be considered for generalization of the flow, 

(3) An intake arrangement const i sting of continuous 
flow in the channel and part of It; being used ^or 
recirculation will represent a good natural river 


model 
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d = 22,8 cm qnd E = 0.215 


f ■ ■ 

6' = direction of flow in degrees as sho^ra. in Pig. 6(a,b,c) 
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1 t 

49.0 

18.3 

4 

11.0 

355 

18.3 

39 

f t 

44.0 

22.0 

26 

23.5 

21 

18.3 

41 

f f 

39.0 

22.0 

21 

21,0 

21 

21.0 

28.5 

I T 

29.0 

15.3 

43 

21.0 

22 

20.0 

31.0 

1 1 

25.0 

15.3 

38 

18,3 

30 

18.3 

28.0 

f f 

19.0 

17.0 

51 

15.3 

51 

18.3 

43.0 

21/3 

54.0 

15.3 

12 

17.0 

1 

13.8 

10 

r f 

49.0 

15.3 

4 

15.3 

359 

17.0 

0 

1 t 

44.0 

13.3 

344 

16.0 

334 

9.8 

334 

ft 

39.0 

13.8 

334 

15.3 

334 

7.5 

323 
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Oontd. iippendix A2 


1 

2 

3 

4 

5 

6 

7 

8 

2L/3 

From inner wall 
towards outer 
wall 

7 

9 

7 

e 

7 

9 

f r 

34.0 

13.8 

320 

13.8 

317 

11.0 

314 

t f 

29.0 

17.0 

307 

13.8 

50? 

11.0 

307 

f f 

24.0 

13.8 

327 

11.0 

327 

14,1 

328 

I r 

t9.0 

11.0 

347 

11.0 

347 

11,0 

349 

I I 

14.0 

11.0 

0 

11.0 

349 

11.0 

349 

r f 

9.0 

11.0 

0 

11.0 

347 

11,0 

346 

5V6 

54.0 

17.0 

0 

17.0 

0 

15.3 

0 

r r 

49.0 

15.3 

6 

15.3 

359 

17.0 

2 

t t 

44.0 

CO 

• 

0 

15.3 

359 

11,0 

357 

r f 

39.0 

13.3 

0 

13.8 

0 

11.0 

357 

t t 

29.0 

11.0 

2 

11.0 

356 

11.0 

353 

r t 

19.0 

11.0 

354 

11.0 

35« 

11.0 

1 

I t 

14.0 

11 .0 

15 

11,0 

5 

11 .0 

5 
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Oontd. fxppendix 12 


A10 


1 



^ 

4 

5 

5 



11 L /2 

From inner wall 
towards outer 
wall 

Y 

e 

Y 

9 

Y 

9 

r r 


54.0 

15.3 

2 

15 . 3 , 

5 

15.3 

8.5 

t I 


49.0 

17.0 

6 

15.3 

0 

17.0 

10 

I f I 


44.0 

15.3 

354 

15.3 

1 

17.0 

6 

! t 


■ 54.0 

15.3 

356 

15.3 

356 

17.0 

8 

t * 


24.0 

13 . S 

357 

13.8 

357 

15.3 

4 

f f 


19.0 

11.0 

352 

11.0 

352 

11.0 

0 

1 t 


14.0 

9.8 

350 

9.8 

356 

11.0 

357 

f I 


9.0 

7.5 

356 

7.5 

552 

11.0 

351 

Outlet 
(9cm away 
from inner 
wall) 

U/S and D/S 
from inlet 

Y 

e 

Y 

9 

Y 

e 

f f 


- 15.0 

24.6 

332 

23.5 

340 

24.6 

349 

f f 


- 10.0 

23.5 

317 

25.5 

322 

25 .5 

331 

f f 


- 5.0 

23.5 

297 

23.5 

314 

26.5 

323 

1 f 


0 

23.5 

286 

28.5 

304 

27.5 

324 

f r 


5 

22.0 

262 

23.5 

289 

25.5 

307 

f 1 


10 

22.0 

250 

20.0 

277 

22.0 

298 

t 1 


15 

15.3 

245 

15.3 

276 

17.0 

308 



APPSiNDIX A3 


d = 8,9 cm and P = 0.215 

6 = direction fo flow in degrees as shown in Pig.6(a,b,c) 


Section 

Inlet 

Distance ] 

in cm. 

C\J 

O 

0.4d 

0,8d 

(9cm away 

in Il/S and D/S i 

V 

0 in 

Y ■ 

0in 

hr e in 

from inner 
wall) 

direction from i 
inlet 

cm/see , 

degrees 

3m/sec 

degrees 

sm/sec .degree 

1 

2 

3 

4 

5 


7 B 


T f 


-15.0 

13.8 

140 

11.0 

117 

11.0 

117 

f f 


-10.0 

27.5 

36 

30.5 

86 

40.0 

90 

f 1 


- 5.0 

27.5 

83 

30.5 

83 

38.2 

89 

t T 


0 

30.0 

81 

31.25 

85 

43.0 

89 

T f 


5 

23.5 

79 

29.0 

81 

38.0 

90 

f t 


10 

30.0 

76 

33.5 

80 

40.0 

90 

f f 


15 

30.5 

75 

35.0 

78 

37.0 

83 

1/12 

Prom 

inner wall 

Y 

9 

Y 

e 

Y 

6 

1 towards outer 







wall 








T f 


53.0 

31.25 

351 

31.25 

3 

30,5 

27 

f ! 


49.0 

32.0 

334 

27.5 

553 

34.6 

30 

r f 


44.0 

36,4 

331 

30.5 

34? 

36.0 

24 

t t 


39.0 

35.0 

345 

34.6 

351 

31.25 

8 
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Contd. Appendix A3 


I)/12 

Prom inner 

wall towards 
outer one 

Y 

B 

\r 

a 

¥ 

0 

1 

2 

3 

4 

5 

g" 

'7 

Cf 


34.0 

32.0 

356 

30.0 

357 

23,5 

5 

f f 

29.0 

14,0 

351 

20.0 

351 

15.3 

357 

f f 

24.0 

11.0 

347 

11.0 

346 

11.0 

319 

t f 

19.0 

11.0 

520 

0 

0 

0 

0 

-p- 

■ - 

*■ 

^ 



i >M 'MP w M 

•*» 

L/6 

53.0 

32.0 

1 

30.5 

5 

28*5 

22 

1 f 

49.0 

30.5 

352 

28,5 

357 

26.5 

23 

t r 

44.0 

30.5 

349 

25.5 

354 

26,5 

16 

f f 

39.0 

29.0 

34S 

27,5 

355 

27,5 

7 

1 f 

34.0 

23.5 

350 

27.5 

352 

26,5 

357 

f f 

29.0 

22.0 

1 

357 

22,0 

353 

one e 

ft .# ♦ ,/ 

353 

f t 

34.0 

23.5 

358 

27,5 

352 

26.5 

357 

1 t 

29.0 

22.0 

357 

22.0 

355 

23,5 

353 

r f 

24.0 

11.0 

328 

11 .0 

327 

20,0 

31H 

t r 

19.0 

7.5 

354 

15,3 

334 

15 . ^ 

31 1 

-p. ■ 



- 

- 

mm mm mm mmm 

mm m )*.«. 

***' p** *#*» mmmk mm 

*►!**• ww iMw mm 
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A13 


Contd. Appendix A3 


L/3 

■from inner wall V 
towatds outer 
one 

0 

Y 


Y 

9 

1 

2 

3 

4 

5 

6 

7 

8 

1/3 

53.0 

18.3 

0 

21,0 

358 

18.3 

1 

* t 

49.0 

18.3 

354 

18.3 

352 

18.3 

0 

f f 

44.0 

18.3 

355 ■ 

18.3 

352 

17.0 

358 

t I 

34.0 

15.3 

353 

15,3 

350 

18.3 

351 

f f 

29.0 

11.0 

342 

11.0 

338 

11.0 

339 

f r 

24.0 

11.0 

346 

11 .§ 

334 

11.0 

338 

f f 

19.0 

13.8 

325 

9.8 

314 

11.0 

327 

f f 

14.0 

15.3 

310 

13.8 

301 

11.0 

320 

1/2 

53.0 

20.0 

13, 

21.0 

11 

21.0 

11 

t 1 

49.0 

13.8 

13 

18.3 

359 

17.0 

359 

T f 

44.0 

13.3 

356 

15.3 

354 

18.3 

354 

f f 

39.0 

11.0 

354 

15.3 

346 

15.3 

350 

f T 

34.0 

11.0 

342 

11 .0 

335 

11.0 

336 

f f 

29.0 

13.8 

325 

7.5 

325 

11.0 

332 

f » 

24.0 

15.3 

322 

13.8 

320 

11.0 

323 

f 1 

19.0 

15.3 

315 

15.3 

303 

11.0 

315 

t 1 

14.0 

11.0 

328 

11.0 

328 

11.0 

326 

1 r 

9.0 

11.0 

335 

11.0 

332 

11.0 

330 



Contd. Appendix A3 


A14 


21/3 

Prom inner wall 
towards outer 
one 

1 

e 

Y 

e 

Y 

e 

1 


2 

3 

4 

5 

6 

7 

8 

^I./3 

53.0 ^ 

t8.3 

14 

20.0 

358 

^ 21.0 

355 

I t 


49.0 

" 15; 3 

14 

15.3 

353 

*15.3 

354 

/■ 'f' t 


44.0 

' . ‘ ■ ' ♦ 

11.0 ' 

356 

13.8 

354 

15.3 

354 

' 1: t' 

V 


39.0 

11.0 

353 

13.8 

349 

15.3 

349 



29.0 

11. 0 

350 

11.0 

345 

11 .0 

344 

t r 


19.0 

11.0 

349 

11.0 

341 

11.0 

336 

t I 


U',0 

’ 11.'0 

0 

11.0 

346 

'7.5 

342 

f f 


9.0 

11.0 

354 

* 11.0 

346 

7.5 

342 

51/6 

Prom inner wall 
towards outer 
wall 

Y 

0 

Y 

9 

Y 

e 

51/6 


53.0 

11.0 

2 

15.3 

356 

15; 3 

351 

I f 


49.0 

15.3 

353 

15. -3 

353 

18.3 

348 

* ^ 


44.0 

15.3 

355 

18.3 

352 

18.3 

349 

I » 


39.0^ 

15.3 

349 

15.3 

349 

18.3 

349 

f r 


j 

o 

• . 

CM 

15.3 

32 

17.0 

22 

18.3 

15 

r f 


19.0 

15.3 

25 

15.3 

25 

17.0 

17 

r r 


14.0 

15.3 

30 

11.0 

22 

15.3 

5 

t f 


9.0 

15.3 

23 

15.3 



17 

17.0 

12 
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115 


1 1I»yf2 lEt'Oiiit ilnner wall 
, "iWiot-muae outer 
oa e 

V 

0 

Y 

0 

Y 

e 

1 

2 

'5 

4 

5 

6 

7 

a 

liL^I 2 

55.0 

15.3 

0 

15.3 

0 

17.0 

359 

1 t' '■ 

#9.0 

15.5 

2 

15.3 

1 

18.3 

357 

ft'.',' 

#i.o 

18.3 

10 

17.0 

to.o 

20.0 

4 

r't , 

3J9.0 

15.3 

8 

15.3 

5 

17.0 

2 

! t 

34.0 

15.5 

7 

17.0 

3 

IS. 3 

1 

;''.f 

24.0 

15.5 

S 

11.0 

6 

13.8 

354 

\ f 

TS . 0 

15.3 

10 

15.3 

549 

17.0 

349 

! f 

14.0 

15.5 

12 

15.3 

10 

15.3 

359 

f f 

"9 . 0 

11.0 

17 

17.0 

5 

15.5 

0 

Oa^Le-t and D/S 

/a „ ai'-xection 

(? cm a^a..y fpriinm on+lpt 
irom coie x outlet 

wa.ll. 

Y 

9 

Y 

© 

i , , , 

Y 

8 

r r 

-15.0 

15.3 

329 

21.0 

524 

22.0 

326 

! f 

-10.0 

20.0 

311 

22.0 

314 

23.5 

312 

1 f 

- 5.0 

18.3 

295 

20. 0 

304 

23.5 

313 

1 1 


23.5 

287 

23.5 

305 

23.5 

319 

f f 

5 

11.0 

21 T 

15.3 

289 

24.6 

304 

tr 

100.0 

18.3 

272 

22.0 

284 

25.5 

293 

f f 

15.0 

13.8 

275 

17.0 

275 

23.5 

275 



